Anesthesia, which started being used to remove pain during surgery, has become itself one of the major concerns to be considered during surgery. While actual anesthesia is being performed, patients tend to have unpleasant experiences, due to wakening that accompanies pain, or wakening that does not accompany pain. Since this awakening during anesthesia is a most unpleasant experience in a patient's life, evaluating the depth of anesthesia during surgery is essential for patients to avoid this experience. Although there has been much effort on the understanding and measurement of the depth of anesthesia, while various researches were performed on the need of anesthesia, the development of an indicator that could objectively evaluate the depth of anesthesia, other than by using the patient's vital signs, is still inadequate. Therefore, this study was to develop an objective indicator by using EEG and ECG, which are essentially measured during the surgery, to evaluate the depth of anesthesia. The experiment was performed by taking patients who require a relatively short operation time, and general inhalation anesthetics among surgical patients in obstetrics and gynecology as the subjects of experiment, to measure the EEG and ECG signals of patients under anesthetics. The result showed that SEF using EEG and LF, HF using ECG signal and correlation dimension analysis parameter were valuable parameters that could measure the depth of anesthesia, by the stage of anesthesia.
INTRODUCTION
Anesthesia means the dissipation of consciousness, sensory blockade, motor blockade, or reflection blockade, and it includes not only the act that injects the anesthetic, but also all the actions to safely maintain the patient's condition from before the surgery, until the patient fully wakes up from anesthesia in the recovery room, after surgery. Therefore, a clinician in the department of anesthesiology should understand the disease and whole body condition of the patient before the surgery, and performs a wide range of treatment, from choosing an apposite anesthetizing method and medicine according to the kind of surgery and condition of the patient, to managing the condition of the patient after surgery.
The major elements of anesthesia consist of unconsciousness, amnesia, analgesia, proper muscle relaxation, and harmful loss of control of reflexes of the autonomic nervous system. In other words, it could be called a proper anesthesia only when it could provide an easy preparative state for surgery with no memory or consciousness, it maintains a stable condition of the vital signs, the reflection to external stimulus slows down, and a sufficient amount of muscle relaxation is achieved. To achieve this, not only the hemodynamic observation, such as blood pressure or pulse and observation on muscle relaxation, but also objective evaluation of the depth of anesthesia is vital. Also, as a serious psychological wound, awakening happening during the
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anesthesia can be causative of sleep disorder after the surgery, nightmare, and reminiscence, in addition to anguish from pain or helplessness feeling and sensation of fear during the surgery; thus proper monitoring on the depth of anesthesia is needed to prevent this.
Although there was much effort on the understanding and measurement of the depth of anesthesia, as various researches were carried out on the need of anesthesia, the development of an index that could objectively evaluate the depth of anesthesia, other than using the vital signs of the patient, is still inadequate.
Recently, researches have been carried out on the effect on the ANS (Autonomic Nervous System) using EEG (electroencephalogram) [1] , esophageal contraction, AEP (auditory evoked potential) [2] , SEF (spectral edge frequency) [3] and HRV (Heart rate variability) analysis of ECG (electrocardiogram) signal [4] .
Research results that indicate when to maintain anesthesia, by judging the awareness condition with monitoring during the surgery using the EEG and ECG signals, minimize excessive or insufficient use of anesthetic; hence, it is easy to control anesthetic during the surgery, and also results showing fast recovery have been reported [5] . It is known that the BIS (bispectral index) number using the EEG signal as an index that shows the depth of anesthesia, reflects the depth of anesthesia by inhalation anesthetics or intravenous anesthetics [6] . Also, research that has addressed the spectrum of HRV during surgery has analyzed the LF (low-frequency), which is influenced by both the sympathetic nervous system and parasympathetic nervous system, and the HF (high-frequency) which is mainly influenced by respiration related to the parasympathetic nervous system [7] , and observed the effect of ANS during anesthesia, by studying the change of HRV after spinal anesthesia [8] . Also, research on the activity of parasympathetic has progressed by analyzing what kind of correlation HRV has in general anesthesia with the Poincare plot analysis method [9] , and research about the handling of noise for HRV analysis is also included as an important part of the research [10] . Although up to now, the depth of anesthesia during surgery is measured by using the EEG signal and ECG signal, these only provide an auxiliary role to the judgment of the clinician, but could not provide an objective standard of judgment.
This study tried to develop a subjective index that can measure the depth of anesthesia more accurately, by using both the EEG signal that reflects the effect of the central nervous system, and the ECG signal that reflects the effect of ANS.
EXPERIMENTAL METHODS
Materials and method
Patients of the ASA (American Society of Anesthesiologists) who were either I (healthy patient) or II (light systemic disease, no limit of function) that the society of anesthesiology units provided were taken as subjects. They were excluded when they had a medical history of cardiac disorder, high blood pressure, ANS, or when they were taking a blood pressure control drug, since it affects the acquired signal.
Patients who have a relatively short operation time and taking inhalation anesthesia procedure among surgical patients in maternity units were taken as experiment objects to measure the EEG and ECG signals of patients under anesthesia, and the EEG data was acquired after the agreement of patients, by explaining the purpose of the study to the subject patients before the surgery.
The average age of subject patients was 47.7 ± 9.1, and average weight was 70.7 ± 10.5 kg. As a pre-surgical step, pre-anesthetic medication glycopyrrolate 0.004 mg/kg and midazolam 0.05 mg/kg were intramuscularly injected in the ward 30 minutes before the surgery. The experiment was carried out by dividing the surgical steps into pre-op, induction, operation, awakening and post-op. The pre-op step was acquired in the ward one day before the surgery, the induction was classified until the endotracheal intubation was operated, the operation step was classified from the end of the induction step to the beginning of anesthesia recovery, and the awakening step was classified from the end of the injection of anesthetic medicine. Although data of the post-op step should be acquired in the recovery room, it proved inconvenient to measure there, due to the characteristics of the recovery room, so it was measured by the patient waiting in the ward, who was fully recovered one day after the surgery.
A bio-signal measuring instrument (PhysioLab 400, PhysioLab Co., Korea) was used to acquire the EEG and ECG signal. An adhesive patch type of disposable Ag-AgCl electrode was used for the measurement of EEG, and the EEG was measured by using frontal lobe FP1 electrode displacement from the ten-twenty electrode system of the International Federation of the Societies for Electroencephalography and Clinical Neurophysiology for the attachment location of the electrode.
For measurement of the ECG signal, the lead I signal was acquired from the sampling ratio, by attaching the cathode and earth electrode on the left arm, and the negative pole on the right arm.
Methods of signals analysis
Analysis of EEG signal
Preprocessing, base line correction, and linear detrend technique was applied, to facilitate analysis of the EEG data. SEF was found by using a spectrum analytic technique from the EEG data that went through preprocessing.
FFT (Fast Fourier Transform) was performed, to convert time series EEG data to the frequency domain. The parameter that evaluates the depth of anesthesia that is being applied in clinic is 95 % SEF, and the formula to extract these parameters can be presented as shown below.
(1)
Here, TP (total power) describes the size of the whole PSD (power spectrum density) of the EEG data, and 95% SEF means the frequency of the spot where it reaches 95% of the PSD.
Analysis of ECG signal
The RR interval time series signal was found by detecting the R peak from the acquired ECG signal, and the time series HRV signal that is used in research was reformed, by preprocessing this signal. The influence of ANS was evaluated by applying the HRV signal with the method of frequency analysis and chaos analysis.
(1) Analysis of frequency
This research tried to evaluate the depth of anesthesia, by finding the PSD in each frequency domain by FFT 10 minutes of HRV signal in the anesthesia phase type. To achieve this, PSD was found, by classifying it into three frequency domains: HF, LF and VLF. Each frequency domain has a component for each major frequency domain that is related to various physiological mechanisms [11] . The influence of ANS by 1/f noise distribution characteristic was evaluated, as well as the PSD distribution Here, since β actually appears almost close to 1, call it 1/f. β means the grade that appeared as the first linear regression in the graph of logPSD to log f [12] .
(2) Analysis of chaos
A signal generated from a random power dynamic system has the information of that dynamic system. Therefore, the process that properly restructures the acquired time series data on the phase space to know the condition of that system is called embedding, and the coordinate of time delay was used for the method to restructure on the phase space [13] . In this research, the delay time was found with the AMI (average mutual information) method that could exclude the influence of noise, by using joint distribution probability among the data that comes from nonlinearity, with low autocorrelation of the bio-signal that occurs nonlinearly or semi-regularly [14] . In order to understand the dynamic characteristics of the measured value from any system, an attractor that reflects that dynamic information should be composed, and there is a need to accurately find embedding dimension that includes the attractor. The embedding dimension was decided by using a FNN (false nearest neighbor) algorithm [15] , which is relatively insensitive to the size of data and noise in this research. The time series data produced from a chaos dynamic system has a geometrically self-similarity structure by stretching and folding, thus it has the fractal dimension, but a integral dimension. The condition of a system can be regulated by using the fractal dimension of non-integer that quantified self similarity, which is one of the characteristics of a chaos dynamic system [16] . The Correlation Dimension is a fractal dimension of attractor on the phase space, and it is an amount that quantifies the global geometry and local distribution of the attractor. Generally, the dimension of phase space is related to the number of differential equations of that system; and on the other hand, the dimension of an attractor is defined as the domain of phase space that is occupied by data points or the trace of the data points. Therefore the value of the correlation dimension is greater, the system has a more complex structure [17, 18] .
RESULTS
In order to objectively analyze the influence of the central nervous system and autonomic nervous system for each anesthesia phase during the anesthesia, focusing on distinctive events written on the anesthesia record, the phase of anesthesia is divided into 5 phases. These 5 phases are pre-anesthesia, induction, operation, awakening and post-op. All of the subject patients used the anesthesia medicine enflurance, and the result of experiment was taken from the patients who had 1 hour 30 minutes to 2 hours 30 minutes of operation time, by applying EEG signal and ECG signal analysis. Figure 1 shows the SEF analysis result of the EEG signal in each anesthesia phase.
Analysis of EEG signal
As is shown in Fig. 1 , the tendency could be observed that the phase changes: 30.73 in pre-op, 26.91 in induction, 24.62 in operation, 29.59 in awakening, and 30.54 in post-op. The awakening step that is before and after the operation, showed 30 or more of value, and the phase of induction, operation and awakening, which is influenced by anesthesia medicine, showed 30 or less of value. The induction and awakening phase reflect the disappearance of consciousness by the injection of anesthesia medicine, and consciousness recovery by the blocking of anesthesia medicine, thus it showed the median of the condition in the surgical operation and awakening before and after the operation. The operation step that is in complete anesthesia showed the lowest average value of 24.62. From this result, it is observed that the SEF parameter relatively well reflects the phase of anesthesia as the anesthesia proceeds. Figure 2 shows the analysis result of LF, HF, LF/HF and 1/f noise, which is the parameter of the frequency domain. The LF parameter shows a very high PSD value in the pre-anesthesia, and post-anesthesia steps, and very low PSD in the operation step. There was great individual standard deviation value in the pre-anesthesia and post-anesthesia steps. However, the preanesthesia step and post anesthesia step were clearly classified, without overlapping with the next step induction, and the previous step awakening. Also, it showed a similar statistic result from p verification in the induction, operation, and awakening step.
Analysis of ECG signal
The HF parameter showed a very high PSD value in preoperation and post-operation, and similarly was found from p verification in the induction, operation and awakening steps.
It showed a similar aspect in the LF/HF parameter and grade parameter of 1/f nose; however, the standard deviation was too big, and did not show a significant difference in each step of anesthesia, thus there was no possibility for this to be used as a parameter that could classify the depth of anesthesia in each anesthesia step.
As shown in Fig. 3 , the correlation dimension parameter had a very high value of 4.3±0.6 and 4.1±0.4 in pre and postoperation. However, it rapidly reduced to 1.7±0.3 in induction, and it reduced again to 1.3±0.5 in the operation step. However, it increased again in the awakening step to 3.3±0.5, and rapidly increased to 4.1±0.4 in post-operation; thus it approached the preoperation step. Since the correlation dimension parameter has a low standard deviation for each patient, there is similarity in the p verification, thus it is confirmed that it is a very useful parameter to distinguish the phase of anesthesia.
CONCLUSIONS
The SEF value using EEG of 30 or more of value in the awakening step, which is before and after the surgery, could be used to classify the anesthesia step. It is observed that the SEF parameter relatively well reflects the anesthetic step by the progress of anesthesia. Among the frequency domain analysis method using ECG signal, the LF and HF value can distinguish when the subject is under anesthesia, and when he or she is not. This indicates the activity of ANS significantly decreased with anesthesia. It shows a high LF value with 15.2±7.8 in pre-operation, 16.4±6.4 in postoperation, and it is thought that this is because of the big influence of ANS, rather than the operation, in before and after the anesthesia. It rapidly decreased in the induction step, decreased again in the operation step, but increased again to 5.8±5.5 in the awakening step. It is thought that this phenomenon is because although it is permitted to load in the respiration meter during the operation, the load is removed from the respiration meter in the awakening step, and hence the activity of the respiratory center of the ANS and pressure receptor of the sympathetic nervous system. It was rapidly increased to 16.4±6.4 in the postanesthesia step.
The result of HF was similar to the result of LF. The overall analysis result of LF and HF is as follows. Since the distribution characteristic of PSD in the pre and post-anesthesia step is wide, and the average ± standard deviation is very high, it is significantly decreased in the induction step, compared to the preoperation step.
Since the value of ratio LF/HF, which is well known to reflect the balance of ANS, and the 1/f noise showed too high a standard deviation for each patient in the aspect during the anesthesia, it was difficult to distinguish the depth of anesthesia. Maintaining the HRV signal reformed by using the ECG signal in 4.3±0.6 from the correlation dimension in chaos analysis, it significantly dropped to 1.7±0.3, compared to the induction step, compared to pre-anesthesia. This indicates the human body is definitely in a different condition, due to the anesthetic medicine injected during the induction step. Among the anesthesia without external stimulus, the value of correlation dimension was maintained at 1.3±0.5. When inhalation anesthetic is ceased for the closure of the operation, the human body slowly wakes up from the anesthesia. The value of the correlation dimension in this step is very high, at 3.3±0.5. This phenomenon is because the patient feels the pain from the laryngoscope in the organization, as he or she wakes up from the anesthesia. It is observed that the correlation dimension value increased again to the pre-operation condition in the post-operation step, with 4.1±0.4.
As per the synthetically analyzed experiments above, it is confirmed that SEF using EEG, and the LF, HF, correlation dimension analysis parameter using the ECG signal is a valuable parameter that could evaluate the depth of anesthesia in each anesthetic step.
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